Two basic modes of transmission of optical informa tion are used in optical fibers: single-mode and multi mode. Single-mode transmission of light in an optical fiber is used when it is necessary to preserve phase information of the light. The term "single-mode' refers to the fact that little or no reflection of light within the fibers is permitted. In multi-mode transmission, on the other hand, where relative phase information is not important, the principal means of light transmission through a fiber is by multiple internal reflections from the walls of the fiber. Both single-mode and multi-mode fibers are normally produced with an internal fiber of either silica glass or a transparent plastic of a uniform index of refraction. Either kind of fiber is coated in the process of manufacture with a material that has an index of refraction that is different from and generally less than that of the main conducting fiber. If the index of refraction of the fiber is uniform, this is referred to as a step-index cladding. If the index of refraction of the fiber varies continuously from a maximum value on and near the axis to the value of the cladding at their inter faces, this is referred to as a graded index fiber. The cladding causes light that is directed at an angle to the axis of the fiber to be refracted back toward the axis.
In making fiber optic cables in the past, much effort has gone into protecting the optical fibers from break ing due to tension or kinking. To protect the fibers in tension, methods have been used such as supplying steel as a tension member and winding the optical fiber about the steel. This tends to lead to a cable that is relatively inflexible and disproportionately heavy for use in sup plying optical connection to a moving part.
Therefore, there is a need for a fiber optic connecting cable that is relatively lightweight, is coiled, and can be stretched without objectable sagging and compressed without unwanted breakage of the optic fiber or fibers.
SUMMARY OF THE INVENTION
Hence, it is an object of the present invention to pro vide a better fiber optic cable. It is a further object of the present invention to pro vide a fiber optic cable that is extensible in length.
It is a further object of the present invention to pro vide a coiled fiber optic cable to facilitate interconnec tion of optical components.
It is a further object of the present invention to pro vide a coiled fiber optic cable to facilitate interconnec tion between moving components.
It is a further object of the present invention to pro vide a fiber optic cable that comprises a variable optical attenuator.
Other objects will become apparent in the course of a detailed description of the invention, A coiled fiber optic cable comprises an optical fiber of glass or plastic that is disposed within a buffer tube. The buffer tube in turn is surrounded with a plastic strength member of Kevlar or the like that is then jack eted in athermoplastic cover. The assembled cable is wound on a mandrel in a closed helix and is heated to set the helical shape in the plastic. After cooling the spiral may be reverse wound to set the coiled configura tion. The optical fiber may be single-mode or multi mode and it may be: graded-index or step-index. The coiled cable can be terminated to interconnect optical components. If the optical fiber is a single-mode fiber and if the fiber is not treated to reduce internal reflec tions when it is bent, then the attenuation of the optical signal will be found to be an inverse function of the single-mode, it will normally be silica glass, either a standard optical fiber, a polarization-retaining single mode (PRSM) fiber or a DS (dispersion shifted) fiber.
In either case the fiber is normally clad, with a glass or plastic of lower refractive index of the order of 5 mils (125 microns). Single-mode fiber without cladding typi cally has a diameter of the order of 8.7 microns. Fiber 10 is threaded into buffer tube 12 which is a hollow plastic tube selected to have an internal diameter slightly larger than the diameter of fiber 10, to permit fiber 10 to slide easily with respect to buffer tube 12. Buffer tube 12 should also be capable of taking a perma nent set when heated. One example of such a plastic is a polyester sold under the trademark Hytrel, manufac tured by the duPont Company.
Structural support against excessive elongation of the cable that might damage fiber 10 is provided by rein forcing fibers 14. Typically from four to six fibers 14 are A loose fit is here defined to be a fit that permits relative motion readily while providing structural support. Buffer tube 12 in turn is placed within inner jacket 18, a thermoplastic material such as Hytrel polyester. Inner jacket 18 typically has an outer diameter of the order of 110 mils. It is covered with reinforcing fibers 14 of polyamide, such as Kevlar or the like, and an outer jacket of polyester, such as Hytrel or the like, having a nominal outside diameter of 185 mils, completes the extra-heavy duty cable. It should be understood that the dimensions given here are for purposes of illustration. In FIGS. 1 and 2 fiber 10 is the operating substance for which the invention is designed. Buffer tube 12, rein forcing fibers 14, outer jacket 16, and inner jacket 18 serve to support and protect fiber 10. In addition, buffer tube 12, outer jacket 16, and inner jacket 18 are prefera bly made of a thermoplastic material that will take a permanent set. This permanent set is applied as shown . . . in FIG. 3 Step 32 applies only to heavy-duty cable to which an innerjacket 18 is applied.
Step 34 indicates the application of reinforcing fibers 14 over buffer 12 of standard cable and over inner jacket 18 of heavy-duty cable. The application of reinforcing fibers 14 has been described as placement in a loose spiral. This is a spiral that projects an angle of 45 or more with the axis of the cable, to provide strength in tension for the cable. In step 36 the buffered and wound fibers are inserted in an outer jacketing of a thermoplastic material. The term "inserting' is here taken to include extrusion as well as the placement of the assembled structure in the hollow tube of thermoplastic material. In step 38 the cable is wound on mandrel 24. A mandrel having a diameter as small as " is effective for multi-mode optical fibers, but better results have been obtained with mandrels ranging in diameter from " to 2'. Single-mode fibers (not PRSM) wrapped on a mandrel having a diameter less than 1' exhibit variable attenuation of the optical signal.
Accordingly, cables containing single-mode optical fibers that are designed to carry optical signals and not attenuate them are preferably wound on mandrels hav ing a diameter equal to or greater than 1". The cable is wound snugly on the mandrel and is secured in place in step 40 in which the assembly is placed in an oven to set the thermoplastics. Good results have been obtained by treating such assemblies in a circulating air oven for one to two hours at a temperature of 195' F. to 210" F. This time and temperature is a function of the particular properties of the thermoplastic material used and is determined by the specifications of the material. Fol lowing step 40, in step 42 the assembly is removed from the oven and cooled. The assembly may be cooled at room temperature or it may be placed in a cold chamber at a temperature such as 25 F. to 35 F. for a time of the order of one hour. When the assembly has reached room temperature, in the next step, step 44, the coiled cable is removed from the mandrel and reverse wound to set the coiled configuration. This is an actual reversal of the direction of winding which causes the cable to assume a more tightly coiled configuration. The cable is now ready for termination and use. Use of the cable as produced above to carry optical signals involves only selection of an appropriate size of optical fiber, termina tion, and working length. These are conventional con siderations for such selection.
When a cable is made as described above with a sin gle-mode optical fiber (not PRSM) and is wound on a mandrel having a diameter of 1" or less, then the cable can be used as a variable attenuator. Any such cable will attenuate an optical signal when the cable is coiled and not pulled essentially straight. However, if it is desired to have an optical attenuator with input and output terminals that are reasonably close together with atten uation that can be set, then it is desirable to support the cable and to maintain some measure of its extension, which is a measure of its attenuation. The attenuation is essentially inversely proportional to the extension of the coiled cable. It is maximum when the cable is tightly coiled and is minimum, approaching zero, when the cable is pulled to its maximum extension. While a cable may be dangled or loosely supported to serve as an attenuator, it is preferable to use a supporting structure for such an attenuator. FIG. 5 is an example of a sup porting structure that comprises a variable optical atten latOr.
In FIG. 5 A specific embodiment of the fiber optic coil cord has been described for purposes of illustrating the manner in which the invention may be made and used. It should be understood that implementation of other variations and modifications of the invention in its various aspects will be apparent to those skilled in the art, and that the in vention is not limited by the specific embodiments de scribed. It is therefore contemplated to cover by the present invention any and all modifications, variations or equivalents that fall within the true spirit and scope of the basic principles disclosed and claimed herein. (e) said cable of optical fiber, buffer tube, reinforcing fibers, and outer jacket having the structure of a closed helix in a tightly coiled configuration having a permanent set.
2. The cable of claim 1 wherein the optical fiber is step-index fiber that is clad with glass having a refrac tive index different from a refractive index of the optical fiber.
3. The cable of claim 1 wherein the optical fiber is optical glass having an index of refraction that varies continuously from a maximum index of refraction on and near the axis of the optical fiber to a different value radially outward from the axis.
4. The cable of claim 1 wherein the optical fiber is single-mode fiber.
5. The cable of claim 1 wherein the optical fiber is multi-mode fiber.
6. The cable of claim 1 wherein the optical fiber is multi-mode graded-index fiber.
7. The cable of claim 1 wherein the plurality of rein forcing fibers comprises from 4 to 6 reinforcing fibers. 11. The cable of claim 1 wherein said optical fiber is single-mode step-index fiber. 12. The cable of claim 2 wherein said step-index fiber is selected from the group consisting of a silica glass and a transparent plastic.
13. A method of making a coiled optical cable com prising the steps of a placing an optical fiber in a hollow cylindrical buffer tube of a thermoplastic material sized to make a loose fit with the optical fiber and to permit relative motion of the optical fiber therein; b. winding a plurality of reinforcing fibers in an open helix about the buffer tube; c. disposing an outer jacket of a thermoplastic mate rial to cover the plurality of reinforcing fibers and thereby form a cable; d. winding the cable in a tight helix on a mandrel; e. heating the mandrel and wound cable to a tempera ture that softens the thermal plastic material; f. cooling the cable and mandrel to room tempera ture; g. removing the mandrel from the coiled cable; and h. reverse winding the coiled cable. 14. The method of claim 13 wherein the optical fiber is single-mode step-index fiber.
15. The method of claim 13 wherein the optical fiber is multi-mode graded-index fiber.
16. The method of claim 13 wherein the buffer tube is disposed within a thermal plastic inner jacket and wherein the plurality of reinforcing fibers is wound in an open helix on the inner jacket.
17. The method of claim 13 wherein the mandrel has a diameter equal to or greater than about inch.
18. The method of claim 10 wherein the step of heat ing the coiled cable on the mandrel comprises placing the coiled cable and mandrel in an oven at a tempera ture of about 195 F. to 210 F. for about one to two hours.
19. The method of claim 13 wherein the step of cool ing the mandrel and coiled cable to room temperature comprises placing the mandrel and coiled cable in a chamber at about 25 F. to 30 F. for approximately one hour; removing the coiled cable and mandrel from the chamber; and placing the mandrel and coiled cable in a location at ambient temperature until the mandrel and coiled cable reach ambient temperature. 20. A variable optical attenuator comprising: a... a fiber optic coiled cord having a single-mode silica fiber, the coiled cord wound on a mandrel having a diameter less than one inch; b. means for supporting the fiber optic coiled cord in a horizontal plane; and c. means for varying the extension of the supported fiber optic coiled cord. 21. The apparatus of claim 20 comprising in addition a terminal block containing two optical cable terminals, one of each of the terminals connected to an end of the fiber optic coiled cord. sk x ck
